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(57) Abstract 

An electronic patching system includes circuit boards (39, 41 , 42), programming source (38). and backplane bus (43). The input/output 
circuit board (39) includes input connectors (31) having a plurality of incoming telephone/data lines and transfonners/isolators (32). The 
input/output circuit board (41) includes output connector (34) having a plurality of ports and transfonners/isolators (36). The circuit board 
(41) includes a switching matrix (33) and control circuits (37). The switching matrix (33) is operated by the control circuits (37). The 
programming source (38) operates the control circuits (37) by using a prcdetenmincd algorithm. The backplane bus (43) interconnects the 
circuit boards (39. 41 and 42). The telephone/data line and connecting line to each telephone device may be checked with test signal tester 
every time the line is used. 
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Electronic Patching System for Telecommunications Devices 

Background of the Invention 

The present invention relates to patching systems that 
connect telephones and other telecommunications equipment to 
telephone and data lines, and more particularly to an elec- 
tronic system for achieving this purpose. 

Telephone searvice to businesses and institutions having more 
than approximately 20 telephones (or other telecommunications 
devices) involves complex wiring connections. Each office 
must have the ability to access any network or a plurality of 
different phone lines having telephone number designations 
that are switched by the telephone utility central office. 
Typically, each floor of an office building has at least one 
"patch closet", a small room which houses a patch board. The 
patch board generally embodies two sets of jack- type connec- 
tors, one set comprising the termination of the telephone and 
data lines from the utility central office, and the other set 
of connectors comprising the connections to the telephone 
sets, facsimile machines, modems, and other communications 
devices in use in the offices on the respective floor (or 
portion thereof) of the office building. To join the tele- 
phone and data lines to the communications devices, a plural- 
ity of patch cables are placed manually, each having one end 
plugged into a selected one of the first set of connectors and 
the other end likewise plugged into a selected second connec- 
tor. Each patch cable associates one telephone or telecommu- 
nications device with at least one telephone and data line, so 
that a caller may reach the desired telephone or telecommuni- 
cations device by dialing the predetermined telephone number 
that identifies the associated line. 

Although this connection arrangement is simple in concept, 
the patch board connections may become extremely confusing 
when a large number of telephone and data lines are connected 
to a larger number of telephone devices . Most businesses are 
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in a constant state of flux, due to personnel movement such as 
new hires and layoffs, promotions, and lateral movements among 
various departments. In addition, new equipment such as 
computers, facsimile machines, modems, and the like require 
new connections to telephone and data lines. As a result of 
5 these changes, a patch board that may have been arranged 

initially with a logical layout often becomes a confusing 
jumble of wires. The tangle of wires presents a daunting 
labor problem: no individual wants to take responsibility for 
removing a wire (and breaking a connection that may be vital) , 

10 but new wires are added to connect new equipment and accommo- 

date personnel movement. 

Moreover, no manager in an organization wants to accept the 
budget liability for the many man-hours required to trace 
patch board connections and restore order to the system. An 

15 out-of-control patch board system typically leads to over- 

purchase of equipment, security problems, and too much time 
wasted in connecting equipment and accommodating personnel 
movement. The problem is multiplied in organizations that 
have multiple locations, or multiple floors in a single 

20 building. Indeed, patch board problems have become the rule, 

rather than the exception, in medium to large companies. 
There is currently no system known in the prior art for 
resolving patch board connection problems in telecommunica- 
'^■^ tions systems . 

25 
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Summary of the Present Invention 

The present invention generally comprises an electronic 
patching system that replaces existing telephone patching 
systems and overcomes the problems with such systems. The 
system includes a first plurality of ports that are connected 
to the terminations of a plurality of telephone and data lines 
from the utility central office, and a second plurality of 
ports that are wired to a plurality of telecommunications 
devices, such as telephone sets, facsimile machines, modems, 
and the like. Both pluralities of ports are coupled through 
transf ormer/isolator devices to inputs of a controlled 
switching matrix, which selectively connects each of the 
telecommunications devices to one or more of the telephone and 
data lines. 

The controlled switching matrix is operated by a programma- 
ble logic array or the like that directs the matrix to 
establish and maintain the desired connections between the 
telephone ecfuipment and the telephone lines, computer network 
lines, and the like. The switching matrix may include a high 
voltage switch portion to handle analog telephone instruments. 
An algorithm for controlling the programmable logic array is 
created using a personal computer or the like, and stored in 
memory. The algorithm preferably comprises a database program 
that provides a graphical user interface on the personal 
computer display to indicate the desired connection scheme 
between the telephone devices and telephone lines and computer 
networks. The device includes a programming connection such 
as an Ethernet port, and the personal computer is provided 
with software to convert the database program to instructions 
for setting the PLA and operating the switching matrix. 

Electronic patch connection between telephone devices and 
telephone lines and computer networks not only eliminates the 
tangled mass of patch cords found in prior art manually 
connected patch systems, it also offers new features that 
greatly improve telephone service in an office or institu- 
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tional setting. The connection scheme of all telephone 
devices may be displayed on-screen by the personal computer at 
any time, so that communications management is relieved of the 
burden of wire tracing through prior art patch boards. 
Moreover, the connection scheme may be easily altered to 
accommodate personnel movement, changes in telecommunications 
devices, and office reconfigurations. In addition, the system 
may be programmed to change the connection scheme in accor- 
dance with a timed schedule, so that changes in connections 
may be made for business hours and after hours functions, 
weekend and holiday connection schemes, and the like. 

Another significant feature of the electronic patching 
system is a test function for all switched lines. A line 
test subroutine may be included in the controller, so that the 
telephone or data line and connecting line to each telephone 
device may be checked with a test signal every time the line 
is used. The line testing hardware includes a test pattern 
generator that emits a predetermined data pattern, which is 
then connected to the one conductor of the switched line. The 
data pattern is received through the other conductor of the 
switched line and compared to the original test pattern. If 
the comparison is valid, the telephone connection is completed 
in accordance with the programmed scheme; otherwise, remedial 
action may be taken. The testing subroutine requires only a 
few microseconds to complete, so that the user is unaware of 
the test. 

Furthermore, a plurality of programmable patch systems may 
be controlled from a single personal computer, so that large 
scale connectivity may be directed from a single source . This 
feature permits a communications manager of a large organiza- 
tion to maintain a real-time mastery of the telecommunications 
functions of the organizations. 
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Brief Description of the Drawing 

Figure 1 is a block diagram depiction of a typical prior art 
patch board arrangement for connecting telephone and data 
lines to telecommunications devices. 

Figure 2 is a functional block diagram of the electronically 
programmable patching system of the present invention for 
connecting telephone and data lines to telecommunications 
devices . 

Figure 3 is a block diagram of the major elements of the 
electronically programmable patching system of the present 
invention. 



15 Figure 4 is a block diagram of the programmable control 

system of the electronic patching system of the present 
invention. 



Figure 5 is a flow chart depicting the programming steps for 
2 0 controlling the patching connections through the electronic 

patching system of the present invention. 

Figure 6 is a flow chart depicting the operation of the 
Ethernet firmware of the present invention. 

25 

Figure 7 is a functional block diagram of the line tester 
feature of the electronically programmable patching system of 
the present invent ion . 

30 Figure 8 is a flow chart depicting the operation of the line 

tester feature shown in Figure 7 . 
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Descriptiion of the Preferre d Embodiment 

The present invention generally comprises an electronic 
patching system for connecting a plurality of telephone and 
data lines from the utility central office to a plurality of 
5 telecommunications devices, such as telephone sets, facsimile 

machines, modems, and the like. 

The present invention is designed to replace and supplant 
prior art manual patching systems and practice, and depicted 
in Figure 1. Typically, a prior art patching system includes 
10 - a patch board 22 provided with a first set of connector jacks 
. 22 and a second set of connector jacks 24, A plurality of 
incoming telephone lines and data lines from a telecommunica- 
tions utility or the like are joined to input connectors 21, 
which are connected to respective connector jacks 22 by a 
15 standard cable connector interface or the like. Each of the 

telephone and data lines is labeled by an assigned individual 
telephone number, and accessed by operation of the telephone 
utility switch, as is well-known in the prior art. The 
connector jacks 24 are also wired through a standard connector 
20 interface to output connectors 26, which in turn lead to trunk 

lines and/or two-wire or four-wire connections to telephone 
and telecommunications devices. 

The most prominent feature of a prior art patch board system 
- comprises a plurality of patch cables 27, with the ends of 
25 - each patch cable being manually plugged into and connected 
between a selected connector 23 and a selected connector 24. 
Each cable 27 thus associates ejach telephone line (and its 
assigned telephone number) with one telecommunications device. 
It is only the correct placement of each patch cable that 
30 enables, e.g., a caller to reach a desired individual by 

dialing a predetermined telephone number. When the number of 
patch cables grows large, it is extremely difficult to 
visually determine the existing connection pattern, and the 
manual effort required to maintain, modify, trace, and add 
3 5 connections becomes an extraordinarily burdensome task. The 

6 
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ongoing labor costs devoted to such systems is a significant 
expense, and the complexity of the system causes unnecessary 
telecommunications equipment purchases and duplication. 

With regard to Figure 2, the present invention overcomes the 
difficulties due to patch wiring complexity in patch board 
5 systems by providing an electronic connection arrangement that 

eliminates the patch wiring entirely. A plurality of incoming 
telephone lines and data lines from a telecommunications 
utility are joined to input connectors 31, which in turn are 
connected to transformers/isolators 32. The devices 32 form an 
10 isolation barrier between the external telephone system and 

the electronic system of the invention. The isolated incoming 
telephone and data lines are connected to individual ports of 
a switching matrix 33 such as, but not limited to, a 72 x72 
switching matrix, 

15 A plurality of trunk lines and data lines extending to 

telephone instruments and telecommunications devices in the 
immediate area of the system are joined to output connectors 
34, which are wired to transformers/isolators 36. The devices 
3 6 comprise an isolation barrier between the telephones and. 

20 telecommunications devices and the electronic system of the 

invention. The isolated lines from devices 3 6 are connected 
to individual ports of the switching matrix 33- The matrix 33 
preferably includes an orthogonal layout with a plurality of 
X ports and a plurality of Y ports. The incoming telephone 

25 and data lines are connected to the X ports, the trunk lines 

and data lines from the telephones and telecommunications 
devices are connected to the Y ports, and the switching matrix 
33 provides the desired connection pattern between the X and 
Y ports. 

3 0 The system further includes control circuits 3 7 that direct 

the switching matrix 33 to establish the desired connection 
patterns between the X and Y ports thereof , A programming 
source 3 8 operates the control circuits 37, using a predeter- 
mined algorithm, and it is extremely significant that the 

35 programming source 3 8 permits establishment of connections, 
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alterations, and additions to the connection pattern without 
any physical change in any wiring of the system. 

A preferred arrangement of the electronic programmable 
patching system of the invention places the input connectors 
31 and the transformers/isolators 32 on an input/output 
5 circuit board 39, The output connectors 34 and transform- 

ers/isolators 36 are placed on another input /output circuit 
board 42, and the control circuits 37 and switching matrix 33 
may be placed on a mother/port circuit board 41. The circuit 
boards 39, 41, and 42 may be interconnected by a backplane bus 
10 43, as is well-known in the prior art. 

The broad concept of the invention is further defined in 
Figure 3 . The electronic patching system 46 described above 
includes the switching matrix 33, and the connections to the 
telephone and data lines of the telephone utility, and to the 
15 telecommunications devices in the local area surrounding the 

system 46. The control circuits 37 generally include an 
Ethernet port 47 (or any equivalent data transfer network) , 
which is connected to an Ethernet controller 48. The system 
46 also includes firmware 4 9 connected to the Ethernet port 4 7 
20 and to the switching matrix 33, and a static RAM 51, also 

connected to the switching matrix 33. 

Another significant aspect of the invention is that the 
programming source 38 may preferably comprise a personal 
T- computer 52, such as, but not limited to, a computer running 
25 : an MS-DOS, Macintosh, UNIX, or other standard operating 

system. The listing of the connection relationships between 
each X and Y port of the switching matrix 33 is created in a 
database program 53 available in the prior art, such as 
FileMaker Pro or the like, which provides a graphical user 
3 0 interface to facilitate easy input and alteration of connec- 

tion data. The database document is translated by a converter 
54 into an instruction set for the electronic patching system 
46, and transmitted thereto through line 56 extending to the 
Ethernet port 47 thereof. The converter 54 preferably 
35 comprises a software routine stored in the personal computer 
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52. The software routine is considered a portion of the 
present invention. A hardware converter is also a feasible 
option. 

Thus, the operation of the system as depicted in Figure 3 
involves initially connecting the electronic patching system 
5 46 to the telephone lines (and data lines) from the telephone 

utility, and trunk lines (and data lines) of an office, 
institution, or other establishment. The communications 
manager of the establishment then uses the personal computer 
52 to run the database program 53 and set forth the desired 

10 connection pattern between the telephone lines and data lines 

and the telephone instruments and telecommunications devices. 

The database document is translated by converter 54 to an 
instruction set and downloaded through line 56 and the 
Ethernet port 47 to the electronic patching system 46. The 

15 downloaded instruction set is stored in RAM 51, and fed into 

the switching matrix 33 to establish the desired connection 
pattern - 

It is sigrnif icant to note that the connection pattern is not 
subject to alteration by the telephone utility switching 

20 system, or any other external factor or element. The connec- 

tion pattern thus established remains in effect unless and 
until a new instruction set is created by the personal 
computer 52 and downloaded to the system 46. This programming 
link is preferably secured by password protection or encoding 

25 of various forms known in the prior art, and such security may 

permit the authorized use of more than one computer 52 to 
accomplish the programming. 

With regard to Figure 4, the firmware 4 9 of the system 46 
generally comprises a programmable logic array (PLA) 61, such 

3 0 as a fully programmable gate array (FPGA) presently available 

commercially. A power-up/reset PROM 62 is connected to the 
PLA 61 to provide initial instructions on power-up that 
condition the PLA to accept further downloaded instructions. 
The PLA 61 further includes an input connection 63 for 

35 programming, which is obtained through Ethernet port 47, and 

9 
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the PLA 61 is also connected directly to the Ethernet control- 
ler 48. 

The firmware 4 9 further includes a high voltage switching 
matrix 64 which is driven by the PIiA 61. The high voltage 
switching matrix 64 is connected to analog telephone devices, 
5 modems, other and telecommunications devices, so that the high 

voltages that are typically carried on those lines are 
isolated from the lower voltages of digital lines. A first- 
in, first -out (FIFO) RAM 68 is connected through a program- 
ming bus 69 to the Ethernet controller 48, and it is also 
10 connected through a control line 71 to the PLA 61. Also, the 

PLA 61 includes an output control line 66 to the input/output 
port card, and line 67 to send switch addresses to the matrix 
33 . 

The flow diagram for programming the system is charted 
15 generally in Figure 5. Initially, in step 72 data is sent to 

the Ethernet controller 48. When the controller 48 is 
triggered, programming instructions are sent to the FIFO RAM 
68. The data is loaded and stored in FIFO RAM 68 until all 
data has been received. At that point, the PLA directs the 
20 data from the RAM 68 to be transmitted serially to the 

switching matrix to program the switches and establish the 
desired connection pattern between the telecommunications 
devices and the telephone and data lines . 

The flow diagram for operation of the firmware is charted 
25 ,1 generally in Figure 6. A receive data state is set up when 
the Ethernet controller 48 is readied by loading address data 
from the PROM 62 through the PLA 61 to the controller. 
Programming data from line 63 is then moved through the PLA 61 
into the FIFO RAM 68. The RAM 68 stores the data as 8 bit 
30 words which are loaded and counted as stored. These words 

contain, the binary switch settings for each switch. When the 
last data word is received, the word count equals a preset 
number, and the FIFO RAM is actuated to transmit each word 
serially to the switch matrix. As each word is read the 
35 proper switch is set/reset until all of the words have been 

10 
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read and thus all the switches have been addressed. The data 
does not contain addresses of switches. Rather , the switch 
addresses are stored in a predetermined sequence in PLA €1, 
and are read out individually, each associated with the 
related sequentially read setting word from the FIFO RAM 68. 
5 This process continues until all words are read, and the 

rout ine ends , 

All switches in the switch matrix are registered, so that 
the switch settings are fixed until it is reset or power is 
lost • Thus the connection pattern that is established by the 

10 downloaded instruction set is maintained without any further 

action by the system. However, a plurality of instruction 
sets may be written and stored, and downloaded in accordance 
with a fixed schedule to accommodate differing configurations 
of telephone connections that are optimized e.g., for office 

15 hours, non-business hours, weekend and holiday operation, and 

the like. Furthermore, if power is lost and the extant switch 
settings are lost, the system may be restored by downloading 
the instruction set that is appropriate for the day and time, 
and the desired connection pattern may be re-established 

20 within a matter of seconds . 

Furthermore, it is apparent that one computer 52 may be 
employed to drive a plurality of electronic patching systems 
46. Thus one computer operator or communications manager may 
control the patch connections of a very large number of 

25 telephone and data lines and telecommunications devices. The 

database that stores the connection data may be queried to 
provide reports of current status and switching operation, so 
that the communications manager can determine at any time 
which telephone and data lines are connected to which tele- 

30 phone devices. Telephone number, office number and location, 

name of office occupant or tenant, business hours, and the 
like may all be stored in associated data fields in the 
database, and this information is instantly available. The 
availability of this information is an extraordinary advance 

35 over prior art manually connected patch cable systems. 

11 
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It is noted that all switching is accomplished with solid 
state switches, and that there are no moving parts to wear out 
and fail. The system handles standard 2 and 4 wire telephone 
wire systems, and well as 6 wire systems. Digital and analog 
telephones are accommodated, as well as data networks such as 
5 Ethernet, AppleTalk, token ring, and the like. The data 

passing through the system of the invention is not processed 
in any manner, although all signals are amplified to increase 
msucimum line length and reliability. 

An additional feature that may be provided by the electronic 
10 patching system of the invention comprises a line tester, 

shown in Figure 7. A test pattern generator 72 is connected 
to the switch matrix 33, and a test pattern receiver 73 and 
patter checker 74 receive the output from the matrix 33. The 
output of the checker 74 is fed to the EPS controller 49, 
15 which in turn is connected to the Ethernet interface 47. The 

EPS controller 49 is also connected to the matrix 33, as noted 
in Figure 3 . 

The operation of the line tester is depicted in the flow 
chart of Figure 8. The test routine may be initiated whenever 
20 a line is first used; for example, whenever a telephone 

instrument is first used, the off -hook signal may trigger the 
test routine. The address data of the switch being used is 
sent to the controller 49, which returns a test command if the 
line tester feature is operating. The test pattern generator 
25 is then actuated to send a predetermined data pattern through 

the addressed switch, and the data pattern returned down the 
line is received by device 73 and compared to the original 
test pattern. If the comparison is favorable, the telephone 
or data line is labeled as operable (good status) , the call 

30 (or data transfer) proceeds, and the line test sxibroutine 

ends. If the comparison indicates a problem in line quality 
or transmission, the line is labeled as inoperable (bad 
status) , and the system reprograms the telephone instrument 
to be connected to another available telephone or data line. 

35 The subroutine then ends. The line status data may be 

12 
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transmitted through the Ethernet interface to the host 
computer when connection therewith is established, so that 
line fault problems will be reported promptly. 

It may be appreciated that the line testing subroutine 
requires only a few microseconds to be completed, and due to 
5 the brevity of the routine, that the telephone user (or 

telecommunications device) is completely unaware of the 
procedure . 
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Claims 

1. An electronic patching system for connecting a plurality 
of telephone and data lines to a plurality of telecommunica- 
tions devices, including: 
5 an electronic switching matrix having first and second 

pluralities of input ports; 

first means for connecting the plurality of telephone and 
data lines to said first plurality of input ports of said 
switching matrix; 
10 second means for connecting the plurality of telecommunica- 

tions devices to said second plurality of input ports of said 
switching matrix; 

control means for operating said electronic switching 

matrix; and, 

15 programming means for directing said control means to cause 

said switching matrix to establish predetermined connections 
between each of said plurality of telecommunications devices 
and at least one of the telephone and data lines. 

20 2. The electronic patching system of claim 1, wherein said 

programming means includes database program means functioning 
on a computer for generating a database document listing the 
desired connection pattern between each of said plurality of 
telephone and data lines and each of said telecommunications 

25 i > devices . 

3. The electronic patching system of claim 2, further 
including converter means for translating said database 
document into an instruction set, and means for transmitting 

30 said instruction set to said control means. 

4 . The electronic patching system of claim 3 , wherein said 
control means includes a programmable logic array connected 
between said programming means and said switching matrix, said 

3 5 programmable logic array connected to receive said instruction 

14 
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set from said converter means. 

5- The electronic patching system of claim 3, wherein said 
converter means includes a converter program operating on said 
computer . 

6. The electronic patching system of claim 5, wherein said 
means for transmitting said instruction set includes a data 
transmission line extending from said computer to said control 
means . 

7 . The electronic patching system of claim 4 , wherein said 
instruction set includes a plurality of data words, each data 
word adapted to direct one connection between one of said 
first plurality of input ports and one of said second 
plurality of input ports of said switching matrix. ^' 

8. The electronic patching system of claim 1 , wherein said 
control means further includes a first -in, first out random 
access memory connected to said programmable logic array to 
receive said plurality of data words in a predetermined 
sequence . 3 

9. The electronic patching system of claim 8, further 
including means for transmitting said data words from said 
first-in, first-out random access memory to said switching 
array in said predetermined sequence, whereby each of said 
first plurality of input ports is connected to a respective 
one of said second plurality of said input ports of said 
switching matrix. 

10. The electronic patching system of claim 1, wherein said 
switching matrix includes a high voltage portion for connec- 
tion to analog telecommunications devices, and a low voltage 
portion for connection to digital telecommunications devices. 
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11. The electronic patching system of claim 1, wherein said 
plurality of telephone lines includes data lines for data 
transmission . 

12. The electronic patching system of claim 1, further 
including line tester means for checking the operability of 
each telecommunications connection made by said switching 
matrix. 

13 . The electronic patching system of claim 12 , wherein 
said line tester means includes test pattern generator means 
for generating a predetermined data pattern. 

14. The electronic patching system of claim 13, further 
including means for transmitting said predetermined data 
pattern through said switching matrix to a selected one of any 
of said telecommunications devices upon initiation of use of 
said selected one telecommunications device. 

15. The electronic patching system of claim 14, further 
including means for receiving said data pattern from said 
selected one telecommunications device, and pattern checking 
means for comparing said predetermined data pattern from said 
test pattern generator means with said data pattern from said 
selected one telecommunications device. 

16. The electronic patching system of claim 15, wherein 
said pattern checking means generates a good status signal in 
response to a favorable comparison of said data patterns, and 
generates a bad status signal in response to an unfavorable 
comparison of said data patterns. 

17. The electronic patching system of claim 16, wherein 
said bad status signal is transmitted to said control means, 
said control means including means to reprogram said switching 
matrix and remediate the connection generating said bad status 
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16. A method for improving a patch board having a plurality 
of patch wires connected individually between a first plural- 
ity of connectors linked to a plurality of telephone and data 
lines and a second plurality of connectors linked to a 
plurality of telecommunications devices, including the steps 
of: 

removing all of said patch wires; 

providing an electronically programmable switch matrix 
having first and second pluralities of ports; 

connecting said first plurality of ports to said plurality 
of telephone and data lines and connecting said second 
plurality of ports to said plurality of telecommunications 
devices; and 

programming said electronically programmable switch matrix 
to establish a desired connection pattern between each of said 
telephone and data lines and each of said telecommunications 
devices . 

19, A method for interconnecting a plurality of telephone 
and data lines to a plurality of telecommunications devices in 
a desired connection pattern, including the steps of: 

providing an electronically programmable switch matrix 
having first and second pluralities of ports; 

connecting said first plurality of ports to said plurality 
of telephone and data lines and connecting said second 
plurality of ports to said plurality of telecommunications 
devices; and 

programming said electronically programmable switch matrix 
to establish said desired connection pattern between each of 
said telephone and data lines and each of said telecommunica- 
tions devices . 



17 



SUBSTfTUTE SHEET (RULE 26) 



wo ^/19543 



PCT/US96/18671 



at 
c 

c 
E 



1/6 



U 01 




rn v» 

C 01 01 

.= C C 

E o Z3 

O CO 

01 Q 



SUBSTITUTE SHEET (RULE 26) 



wo 97/19543 PCT/US96/18671 



2/6 



r 














52 


E 


o 


o 






O 


ran 









i 



itrol 


:uits 


Cor 


CIn 





S2 




o 


3 


tJ 


O. 




C 


c 


Con 



f 



J 



cn 
c 

E 

ii 

o 



01 







rme 




tor 




J2 




1/1 


o 


an 


in 


Tr 





C 01 

.£ c c 

E o zi 

C ^ 10 

01 Q 



00 

m 




SUBSTITUTE SHEET (RULE 26) 



wo 97/19543 



PCT/US96/18671 



3/6 



c 



3 ti 



O u 

i2; Q 




SUBSTITUTE SHEET (RULE 26) 



wo 97/19543 



PCTAJS96/18671 



4/6 



cn tJ 

±i C 
o c 
> o 

X c 



NO 



c 

2 Q 

5 £ 



01 
i. 

TJ 

TJ 

< 

u 



2 



5 



a> 

1.= » 



oo 

.so 



O E 
it § 



v; 
O 
••-^ 

c 

o 
u 



E 2 



o 



m 

NO 







1 








a. 


a. a. 

3 



E 
o 

3 

a. 
c 



E 

E 

2 

o> 

o 



01 

c 

01 



Ol 



0> 



NO 





k. 


0) 


-Si 


c 


"o 


Oi 






c 


<w 


o 


1X1 


u 



SUBSTITUTE SHEET (RULE 26) 




SUBSTITUTE SHEET (RULE 26) 



wo 97/19543 



PCT/US96/18671 




SUBSTITUTE SHEET (RULE 26) 



INTERNATIONAL SEARCH REPORT 



[ 

International application No. 
PCT/US96/I867I 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC(6) :H04M 1A24, l/OO. 1/60 

US CL :379/l5-18. 156-157, 164-165. 167 
According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification 8ymt>oLs) 
U.S. : 379/15-18. 156-157, 164-165. 167 



Ducumcniation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the mtcmationui search (name of data base and. where practicable, search tenns used) 

APS; s switch7(Almatrix; s test?; s telecommunicationj;f or communicationiSf;. s test? signal*; s general?; s 
pattern*; s compar? and expect? 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



X 
Y 

Y.P 



US, 5,027.345. A (LITTLEWOOD ET AL.) 25 June 1991, see 
entire document. 



US. 5.572.570, A (KUENZIG) 05 November 1996, col. 6. 
line 34 - col. 8, line 27. 



1-11, 17-19 
12-16 
12-16 



♦ 



I I Further documcnU are listed in the continuation of Box C. See patent family annex. 



* .Spccwl butcgonoi oi b-ilcd docunienu: 

'A* don i mrnl dfcfiaiBt<hcscpcTmitUlcof the art which b not coMidcrcd 

to be of ptrtkiihr rclevucc 

'E* arltcr 4ocimiaa piMiabod oe or cAer the iateffimlioitt] niitts d 

'L' d no i mmi whkfa nwy throw doubts on priority cktni(a) or which ia 

cited to ffhtiBh the pubtiestioo date of toother ctiatioo or other 
ipectal ii—nii (a tpecified) 

'O* docmaoA refcnrinf to an oral divloeure. tae. exhOMtioa or other 

'P* docnmu puhlkbed prior to the jntrmationel rOmt date but btcr th&n 



teter dociBncai puhtirfiffd after the mtenMlioa*! niing dele or priority 
dale ettdooi in coonictwhh the epplicBtiaD but cited to underataadthc 
priociptB or theory ladcrlyiaf the iavcDtioo 

doomoft of p a rt i n i iar fctevance; (he ckimed invention cuwol be 
^'" tM Mc wi novel or caonoi be cooaidered to invoWe an inventive step 
when Ihe documeol ia taken alone 

doewDCOt of particidar refavaace; the daaned invention 
oooaidered to invohfc an invenlive Mep when the 
combined with ooe or more other auch documenta. auch 
beint obvioua to a peiaoo akiUed in Ihe art 

<*< w«Tnfnt member of the aome poieol fmufy 



Date of the actual completion of the international search 
14 JANUARY 1997 


Date of mailing of the international search report 

2 8 FEB 1997 


Name and mailing addrcsii of the ISA/US 
Commissioner of Paienu and Trademarks- 
Box per 

Washington, D.C. 20231 
Facsimile No. (703) 3050230 


Lhorixedomcer . 

•Pbinh k. tieu \J^k> 

Tblephonc No. (703) 305-4700 



